Digitized  by  the  Internet  Archive 
in  2016  with  funding  from 

This  project  is  made  possible  by  a grant  from  the  Institute  of  Museum  and  Library  Services  as  administered  by  the  Pennsylvania  Department  of  Education  through  the  Office  of  Commonwealth  Libraries 


https://arohive.org/details/hydrologyofmartiOOpoth 


DATE  DUE 


0GT 

^ - ISSi 

DEMCO  NO  . 38  - 298 


STAT 


■ ■ ...r  r IlNNSYLVANLV 

i . 

^ i x.Avy  aj' e'.i'Ctivi 

Government  Publications  Section 


\ 


■f'H 


■ 0 


Water  Resource  Report  30 

1972 


Hydrology  of  the 
Mortinsburg  Formation  in 
Lehigh  and  Northampton  Counties, 
Pennsylvania 


Charles  W.  Poth 


COMMONWEALTH  OF  PENNSYLVANIA 
DEPARTMENT  OF 
ENVIRONMENTAL  RESOURCES 

^ 7 ' v BUREAU  OF 

TOPOGRAPHIC  AND  GEOLOGIC  SURVEY 
Arthur  A.  Socolow,  State  Geologist 


5 


-1 


I 


.*!■ 


&■, 


I 


BULLETIN  W 30 


Hydrology  of  the 
Mortinsburg  Formation  in 
Lehigh  and  Northampton  Counties 
Pennsylvania 


by  Charles  W.  Poth 

U.  S.  Geological  Survey 


Prepared  by  the  United  States  Geological  Survey, 
Water  Resources  Division,  in  cooperation  v/ith  the 
Pennsylvania  Geological  Survey 


PENNSYLVANIA  GEOLOGICAL  SURVEY 

FOURTH  SERIES 

HARRISBURG 


1972 


Quotations  from  this  book  may  be  published  if  credit  is  given  to 
the  Pennsylvania  Geological  Survey 


ADDITIONAL  COPIES 

OF  THIS  PUBLICATION  MAY  BE  PURCHASED  FROM 
STATE  BOOK  STORE,  P.O.  BOX  1365 
HARRISBURG,  PENNSYLVANIA  17125 


a 


CONTENTS 


Page 

Abstract  1 

Introduction  3 

Purpose  and  scope  of  the  study 3 

Location  and  geographic  setting  3 

Method  of  study  3 

Well-numbering  system 3 

Previous  investigations 5 

Acknowledgments  5 

Geology 5 

Martinsburg  Formation  5 

Bushkill  Member 6 

Ramseyburg  Member  7 

Pen  Argyl  Member  7 

Glacial  deposits  8 

Hydrology 8 

Principles  of  ground-water  occurrence  8 

Fracture  traces  10 

Water-bearing  properties  of  the  formation  11 

Effect  of  use  11 

Well  and  casing  depths 11 

Water-bearing  zones 12 

Well  yields 14 

Pen  Argyl  Member  14 

Ramseyburg  Member  14 

Bushkill  Member 14 

Glacial  deposits  16 

Specific  capacities  16 

Well  interference 17 

Static  water  level  19 

Water  quality  19 

Laboratory  analyses  22 

Contamination  22 

Occurrence  of  hydrogen  sulfide  24 

Field  analyses  26 

Summary  and  conclusions  51 

References 51 

ILLUSTRATIONS 

FIGURES 

Eigure  1 . Map  showing  the  location  of  the  study  area  4 

2.  Graphs  showing  the  relation  of  the  yield  of  wells  to  the 

number  of  water-bearing  zones  15 

Hi 


Page 

Figures.  Graphs  showing  ranked  concentrations  of  chloride  and  nitrate  . 23 

Figure  4.  Graphs  showing  chemical  analyses  of  water  in  Lehigh  County.  . 24 

Figures.  Graphs  showing  chemical  analyses  of  water  in  Northampton 

County 25 

PLATE 

Plate  1.  Geology,  fracture  traces,  and  location  of  wells  in  the  Martinsburg 
Formation  of  Lehigh  and  Northampton  Counties  and  map  show- 
ing depth  of  casing  required  for  wells  and  map  showing  hardness 
of  water in  envelope 

TABLES 

Table  1 . Summary  of  well  data  9 

2.  Summary  of  data  on  water-bearing  zones 13 

3.  Summary  of  specific-capacity  data 18 

4.  Summary  of  chemical  analyses  20 

5.  Summary  of  field  analyses 27 

6.  Record  of  drilled  wells 28 

7.  Chemical  analyses  of  water  50 


IV 


HYDROLOGY  OF  THE  MARTINSBURG  FORMATION  IN 


LEHIGH  AND  NORTHAMPTON  COUNTIES, 
PENNSYLVANIA 

by 

Charles  W.  Poth 

U.S.  Geological  Survey 
Water  Resources  Division 

ABSTRACT 

The  Martinsburg  Formation  underlies  the  northern  half  of  Lehigh  and  North- 
ampton Counties,  and  is  of  Middle  and  Late  Ordovician  age.  It  is  bounded  on  the 
;outh  by  older  Ordovician  limestone  formations  and  on  the  north  by  a ridge- 
'orming  conglomerate  of  Silurian  age.  Recent  mapping  has  supported  a three-part 
division  of  the  Martinsburg  into  a lower  thin-bedded  slate  (Bushkill  Member),  a 
Tiiddlegraywacke-bearing  unit  (Ramseyburg  Member),  and  an  upper  thick-bedded 
slate  (Pen  Argyl  Member). 

Glacial  deposits  of  lllinoian  age  blanket  about  three-fourths  of  the  area  and 
aecome  thinner  westward  and  southward.  Sands  and  gravels  of  Wisconsin  age 
are  present  in  the  easternmost  part  of  the  area. 

Ground  water  in  the  Martinsburg  Formation  moves  through  fractures  and 
aedding-plane  openings.  The  size,  density,  and  degree  of  interconnection  of  the 
apenings determine  the  water-yielding  potential  of  the  rocks.  In  many  places  the 
Martinsburg  is  overlain  by  thick,  water-saturated  beds  of  permeable  sand  and 
gravel  of  glacial  origin  that  act  as  a natural  reservoir  and  serve  to  increase  the 
amount  of  water  available  to  wells.  The  large  yields  of  the  wells  along  the  slope 
of  Blue  Mountain,  which  supply  the  boroughs  of  Bangor  and  Slatington,  are 
probably  a result  of  this  relationship. 

Data  were  collected  on  332  wells  in  Lehigh  County  and  402  wells  in  North- 
ampton County.  Fifty-four  wells  were  test  pumped  for  1 hour;  however,  only 
one  nondomestic  well  was  available  for  testing.  Chemical  analyses  of  36  water 
samples  were  made  in  the  laboratory,  and  measurements  of  hardness  and  specific 
conductance  of  about  550  samples  were  made  in  the  field. 

The  welisfrom  which  thedata  were  collected  were  classified  as  either  domestic 
or  nondomestic,  depending  on  the  use  for  which  the  well  was  drilled,  because  the 
use  generally  determined  the  characteristics  of  the  well.  Public  supply,  industrial, 
commercial,  institution,  and  irrigation  wells  make  up  the  nondomestic  category. 
The  depths  of  the  nondomestic  wells  average  about  twice  those  of  the  domestic 
wells  (240  feet  versus  125  feet  in  Lehigh  County  and  225  feet  versus  112  feet 
in  Northampton  County).  Also,  the  nondomestic  wells  yield  about  three  to  five 
times  as  much  water  as  the  domestic  wells— 36  gpm  (gallons  per  minute)  versus 
13  gpm  in  Lehigh  County  and  75  gpm  versus  15  gpm  in  Northampton  County. 
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Well  depths  were  generally  least  in  the  Pen  Argyl  Member  and  greatest  in  th  j 
Bushkill  Member.  Median  yields  of  domestic  wells  were  greatest  in  the  Pen  Argv  * 
and  least  in  the  Bushkill.  Median  yields  of  nondomestic  wells  were  also  greate;  1 
in  the  Pen  Argyl  but  showed  no  trend  in  the  other  members.  {. 

Specific  capacities  were  computed  from  yield  and  drawdown  data  supplied  b . 
drillers  and  from  1-hour  pumping  tests  conducted  by  U.S.  Geological  Surve  ( 
personnel.  The  two  sets  of  data  yielded  similar  results.  Their  most  outstandin  jij 
feature  is  their  wide  range,  as  the  largest  specific  capacity  is  1,000  times  th  , 
smallest.  The  specific  capacities  were  greatest  in  the  Pen  Argyl  Member  an  I 
least  in  the  Bushkill  Member.  The  formation  as  a whole  had  a specific  capacit  I 
of  about  0.5  gpm  per  foot  of  drawdown. 

Wells  were  generally  deepest  on  uplands,  shallower  on  slopes  and  shallowest  ii  V 
valleys.  Yields  and  specific  capacities  were  affected  little  by  the  topograph!  j 
position  of  the  well.  ; 

Casing  depths  furnished  an  estimate  of  the  thickness  of  the  glacial  deposits  i ' 
the  area.  In  general  the  deposits  thin  southward  and  westward  across  Northamp  j 
ton  County  but  show  little  trend  in  Lehigh  County.  Several  narrow  tongues  o , 
glacial  deposits  are  more  than  100  feet  thick.  ' 

Yielding  zones  are  most  abundant  between  50  and  150  feet  below  land  sui  I 
face,  but  they  are  sufficiently  abundant  to  depths  of  about  400  feet  to  mak  j 
drilling  to  this  depth  worthwhile  where  maximum  yields  are  needed.  Most  well 
tap  two  or  three  yielding  zones. 

Median  static  water  levels  were  deepest  in  the  uplands  (40  feet  below  lan( 
surface  in  Lehigh  County  and  30  feet  in  Northampton  County)  and  shallowest  ii 
valleys  ( 14  feet  and  1 2 feet,  respectively,  in  the  two  counties). 

Chemical  analyses  show  that  the  ground  water  has  a median  dissolved-solid  j 
content  of  166  mg/I  (milligrams  per  liter),  but  four  samples  range  from  488  t(  i 
935  mg/I.  The  principal  dissolved  constituents  are  calcium,  magnesium,  bicar  \ 
bonate,  and  sulfate  ions.  Most  of  the  samples  are  low  in  iron,  manganese,  an< 
fluoride.  Approximately  half  the  samples  contained  less  than  8 mg/I  chloridi  ! 
and  0.5  mg/I  nitrate.  Higher  concentrations  are  believed  to  be  due  to  contam  \ 
ination  by  the  activities  of  man.  Only  two  samples  contained  more  than  45  mg/ 
nitrate  (the  limit  suggested  by  the  U.S.  Public  Health  Service  for  drinking  water) 

About  5 percent  of  the  wells  contain  hydrogen  sulfide,  chiefly  in  the  lowei 
two  members.  The  gas  occurs  naturally  in  the  rocks  and  is  formed  by  the  an 
aerobic  decomposition  of  sulfide  minerals  deposited  at  the  time  the  sediment: 
were  laid  down.  The  sodium-rich  character  of  some  of  the  water  associated  with 
the  gas  indicates  that  the  water  originally  entrapped  in  the  sediments  has  nol 
been  completely  flushed  out. 

Field  measurements  of  hardness  and  specific  conductance  indicate  that  water 
in  the  Martinsburg  becomes  increasingly  more  mineralized  from  north  to  south 
The  topographic  position  of  the  well  apparently  exerts  little  effect  on  the  hard 
ness  or  conductance  of  the  water. 
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PURPOSE  AND  SCOPE  OE  THE  STUDY 

This  study  is  part  of  a continuing  program  to  investigate  the  ground-water 
^sources  of  Pennsylvania.  The  investigations  are  made  by  the  U.S.  Geological 
.urvey  in  cooperation  with  the  Pennsylvania  Topographic  and  Geologic  Survey. 

I The  Martinsburg  Eormation  was  selected  for  study  because  it  has  one  of  the 
ireatest  areal  extents  of  any  geologic  formation  in  southeastern  Pennsylvania. 
ITius,  a knowledge  of  the  occurrence,  movement,  availability,  and  quality  of  the 
'round  water  in  the  formation  will  aid  in  the  efficient  economic  development  of 
his  part  of  the  state. 

I 

I LOCATION  AND  GEOGRAPHIC  SETTING 

' The  area  in  Northampton  and  Lehigli  Counties  underlain  by  the  Martinsburg 
'ormation  lies  between  75°  00'  and  76°  00'  west  longitude  and  between  40°  30' 
hd  41°  00'  north  latitude.  It  includes  parts  of  the  Portland,  Stroudsburg,  Bel- 
Hdere,  Bangor,  Wind  Gap,  Kunkletown,  Palmerton,  Lehighton,  Nazareth,  Cata- 
auqua,  Cementon,  Slatedale,  New  Tripoli,  New  Ringgold,  Allentown  West, 
fopton,  and  Kutztown  71^-minute  quadrangles  (Eigure  1). 

' The  area  lies  in  the  Great  Valley  section  of  the  Valley  and  Ridge  province. 
It  is  maturely  dissected  and  slopes  gently  southeastward.  The  highest  part  of  the 
Martinsburg  is  along  the  flank  of  Blue  Mountain  in  Lynn  Township,  Lehigh 
County,  where  it  reaches  an  altitude  of  about  1,370  feet.  The  lowest  exposures 
pf  the  Martinsburg  are  along  the  Delaware  River  in  Lower  Mount  Bethel  Town- 
|hip,  Northampton  County,  at  an  altitude  of  about  230  feet. 

The  eastern  part  of  the  area  underlain  by  the  Martinsburg  drains  directly  to 
he  Delaware  River,  the  central  part  drains  to  the  Lehigh  River,  and  the  western 
tart  drains  to  the  Schuylkill  River. 

The  climate  of  this  part  of  the  Commonwealth  is  mild  and  humid.  Data  from 
|he  U.S.  Weather  Bureau  station  at  the  Allentown  airport  shows  that  the  mean 
innual  temperature  is  50.9°  E and  that  the  mean  monthly  temperature  ranges 
rom  28.5°  E in  January  to  74.1°  E in  July.  The  average  annual  precipitation  is 
|I2.25  inches  and  is  fairly  uniformly  distributed  throughout  the  year,  although 
ibout  57  percent  falls  during  the  period  April  througli  September  (Kauffman, 
,1960,  p.  8). 

METHOD  OE  STUDY 

An  inventory  was  made  of  402  wells  in  Northampton  County  and  332  wells 
In  Lehigh  County,  and  1-hour  pumping  tests  were  made  on  54  wells.  Field  mea- 
mrements  of  hardness  and  specific  conductance  were  made  on  water  from  about 
550  of  the  wells.  These  well  data  are  listed  in  Table  6 and  the  locations  of  the 
veils  are  shown  in  Plate  1.  Chemical  analyses  of  water  from  35  wells  and  1 spring 
vere  made  in  the  laboratory  and  the  results  are  given  in  Table  7. 

WELL-NUMBERING  SYSTEM 

Wells  cited  in  this  report  have  been  assigned  an  identification  number  and  a 
location  number.  The  identification  number  consists  of  a two-letter  abbreviation 
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Figure  1.  Location  of  the  study  area  and  boundaries  of  the  glacial  drift. 
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of  the  county  in  which  the  well  is  situated  and  a serial  number  that  was  assigned 
at  the  time  the  well  was  inventoried.  The  abbreviation  is  Le  for  wells  in  Lehigh 
County  and  Np  for  wells  in  Northampton  County. 

The  location  number  is  a four-digit  number  specifying  the  minutes  of  latitude 
and  longitude  of  the  southeast  corner  of  the  1 -minute  quadrangle  in  which  the 
well  is  located.  As  the  study  area  lies  entirely  between  40°  and  41°  north  latitude 
and  75°  and  76°  west  longitude,  the  degrees  have  not  been  specified. 

For  example,  well  Np-258,  location  number  5012,  was  the  258th  well  sched- 
uled in  Northampton  County  and  lies  in  the  1 -minute  quadrangle  bounded  on 

* the  south  by  latitude  (40°)  50'  and  bounded  on  the  east  by  longitude  (75° ) 12'. 

I 

I PREVIOUS  INVESTIGATIONS 

{ 

] ' Many  reports  have  been  written  about  the  Martinsburg  Formation  in  Lehigh 
: and  Northampton  Counties;  however,  only  a few  need  be  mentioned  here.  An 
t excellent  bibliography  of  the  general  area  is  given  by  Miller  (1939,  p.  12)  in  his 
i report  on  Northampton  County.  In  the  same  report,  the  Martinsburg  Formation 
^ is  discussed  by  Miller  and  Behre  (1939,p.  263).  Willard  (1941,  p.  213)  discusses 
; the  Martinsburg  in  Lehigh  County.  Recently  the  formation  has  been  restudied 
^ by  Davis  and  others  (1967),  Drake  and  Epstein  (1967),  Epstein  and  Epstein 
t (1967),  and  Drake  and  others  (1969). 

• A reconnaissance  of  the  ground  water  in  the  Martinsburg  was  described  by 
' Hall  (1934)  in  a report  on  ground  water  in  southeastern  Pennsylvania. 

t 
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GEOLOGY 

MARTINSBURG  FORMATION 

The  Martinsburg  Formation  consists  dominantly  of  fine-grained  clastic  rocks 
that  stratigraphically  overlie  calcareous  beds  of  Middle  Ordovician  age  and  under- 
lie a ridge-forming  conglomerate  of  Silurian  age.  It  has  been  variously  subdivided 
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into  either  two  or  three  members  (Drake  and  Epstein,  1967).  The  number  o 
members  delineated  by  different  geologists  has  depended  in  large  part  on  thei 
interpretation  of  the  geologic  structure.  Those  geologists  recognizing  only  twi 
members  have  visualized  the  Martinsburg  as  being  folded  into  a syncline  in  whicl 
a lower  slate  member  forms  the  flanks  of  the  syncline  and  an  upper  sandstom 
member  occupies  the  central  part  of  the  syncline.  Those  geologists  delineatin) 
three  members  believe  the  structure  to  be  essentially  monoclinal  and  the  for 
mation  to  consist  of  a lower  slate  member,  a middle  sandstone  member,  and  ai 
upper  slate  member. 

Recent  detailed  mapping  supports  the  three-part  subdivision  of  the  Martins 
burg  and  shows  that  although  the  structure  has  the  superficial  appearance  of ; 
monocline,  it  is  much  more  complicated.  Drake  and  Epstein  (1967,  p.  6)describ 
the  structure  as  a 

. . , highly  complicated,  refolded,  crystalline-cored  nappe  de  recouvrement- 
the  Musconetcong  nappe.  The  Martinsburg  in  this  area  lies  mainly  in  th 
normal  limb  and  imbricated  brow  of  this  nappe  and  has  the  appearance  of 
northwestward-dipping  monocline  . . . Progressively  younger  rocks  are  ex- 
posed from  south  to  north  across  the  outcrop  belt,  but  locally  the  sequenc 
is  overturned,  especially  in  the  Wind  Gap-Pen  Argyl  area,  Pennsylvania. 

Drake  and  Epstein  (1967)  have  named  the  three  members,  from  lower  t( 
upper,  the  Bushkill,  Ramseyburg,  and  Pen  Argyl  Members.  Their  nomenclatun 
and  stratigraphy  are  followed  in  this  report. 

Most  of  the  commercially  valuable  slate  from  the  formation  has  been  quarriei 
in  the  Pen  Argyl  Member  or  in  the  upper  part  of  the  Ramseyburg.  Some  lov 
grade  slate  was  formerly  taken  from  the  Bushkill. 

Glaciers  advanced  into  the  area  at  least  twice  during  the  Pleistocene  Epoch 
and  each  time  movement  was  westward  along  the  valley  rather  than  over  Kitta 
tinny  Mountain.  The  ice  flowed  over  the  mountain  only  in  the  vicinity  of  Dela 
ware  Water  Gap.  The  Illinoian  glacier  extended  much  farther  westward  than  tE 
younger  (Wisconsin)  glacier,  covering  all  of  the  Martinsburg  in  Northampto 
County  and  about  half  of  it  in  Lehigh  County.  The  Wisconsin  ice  reached  onl 
8 to  9 miles  west  of  the  Delaware  River  (Figure  1). 

Bushkill  Member 

The  Bushkill  Member,  or  lower  member,  of  the  Martinsburg  Formation  is 
dark-gray,  thin-bedded  claystone  slate  that  weathers  to  a medium  to  light  gray  o 
yellowish  brown.  In  places  it  contains  thin  beds  of  quartzose  and  graywacki 
siltstone  and  carbonaceous  slate.  On  Bushkill  Creek,  seven  beds  of  dolomite 
6 to  12  inches  thick,  occur  between  20  and  250  feet  above  the  base  of  the  foi 
mation  (Drake  and  Epstein,  1967,  p.  6-8).  Bedding  in  the  Bushkill  appears 
generally,  as  bands  of  different  color  or  composition.  Slaty  cleavage  is  dominant 

The  Bushkill  overlies  carbonate  rocks  conformably  along  most  of  the  lowe 
contact,  although  some  fault  contacts  are  present  locally.  Where  the  contact! 
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onformable,  the  member  grades  from  the  carbonate  rocks  through  a narrow 
ione  in  which  the  calcium  carbonate  content  decreases.  The  upper  contact  is 
Iso  gradational  and  is  placed  beneath  the  lowest  prominent  graywacke  bed. 
! The  member  is  estimated  to  be  about  4,000  teet  thick,  but  the  estimate  may 
le  high  because  of  undetected  repetition  of  beds  by  faulting  or  folding. 


Ramseyburg  Member 

! The  Ramseyburg  Member,  or  middle  member,  consists  of  a series  of  alternating 
)eds  of  light-  to  medium-gray  claystone  slate,  graywacke  siltstone,  and  fine-  to 
nedium-grained  (locally  finely  conglomeratic)  graywacke  that  weathers  to  yellow- 
sh  brown.  The  slate  in  the  lower  200  feet  resembles  that  of  the  underlying 
. 3ushkill  but  becomes  progressively  thicker  bedded  upward,  taking  on  the  charac- 
eristics  of  the  overlying  Pen  Argyl  Member  (Drake  and  Epstein,  1967,  p.  9-12). 
fhe  graywacke,  which  constitutes  about  20  to  30  percent  of  the  member,  is 
yclical  in  character.  Each  bed  commonly  represents  a single  cycle  that  grades 
. iipward  from  graywacke  to  medium-gray  slate  to  grayish-black  carbonaceous 
ilate.  Some  of  the  cycles  are  incomplete.  The  beds  are  commonly  lenticular  and 
ange  from  less  than  1 inch  to  more  than  4 feet  in  thickness. 

' ' The  graywacke  beds  become  progressively  thinner  as  the  Ramseyburg  grades 
nto  the  Pen  Argyl  and  give  way  to  thin  beds  of  quartzose  slate  or  subgraywacke 
iltstone.  The  top  of  the  Ramseyburg  is  placed  at  the  top  of  the  highest  prom- 
l nent  graywacke  interval.  East  of  the  Delaware  River  the  Ramseyburg  is  overlain 
' inconformably  by  the  Shawangunk  Eormation  of  Silurian  age. 

; I The  claystone  has  a well-developed  slaty  cleavage  that  is  typical  of  the  entire 
. brmation.  The  graywacke  is  also  broken  by  a poor  to  good  fracture  cleavage 
hat  grades  into  flow  cleavage  in  intensely  deformed  areas.  The  cleavage  is 
i .‘ommonly  refracted  where  it  passes  from  slate  into  graywacke. 

The  member  is  estimated  to  be  about  2,800  feet  thick.  It  is  somewhat  thick- 
i;r  toward  the  southwest,  where  the  graywacke  beds  are  lower  in  the  unit. 

, Pen  Argyl  Member 

I j The  Pen  Argyl  Member,  or  upper  member,  is  a dark-gray  to  blackish  claystone 
date  that  weathers  to  yellowish  brown.  It  is  regularly  intercalated  with  thin  beds 
;j)f  quartzose  slate  and  carbonaceous  claystone  slate.  A typical  cycle  grades 
rom  quartzose  slate  to  thick-bedded  claystone  slate  to  carbonaceous  slate.  The 
quartzose  beds  are  coarse  grained.  Their  average  thickness  is  about  1 foot  but 
; !nay  be  as  much  as  3 feet.  The  slate  beds,  on  the  other  hand,  are  commonly 
a'lbout  5 feet  thick  but  may  be  as  much  as  15  feet  thick.  Slaty  cleavage  is  well 
;i developed  in  this  member,  and  a second-generation  slip  cleavage  is  present  locally. 

: j The  Pen  Argyl  Member  is  estimated  to  be  between  3,000  and  6,000  feet  thick. 
^Irhe  thickness  is  difficult  to  determine  because  the  member  is  covered  nearly 
i| Everywhere  by  glacial  deposits  and  because  the  Shawangunk  Eormation  overlies 
inconformably  an  unknown  thickness  of  the  Pen  Argyl. 
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GLACIAL  DEPOSITS 


The  glacial  deposits  consist  of  poorly  sorted  till  and  well-sorted  outwash  and 
ice-contact  deposits.  The  Illinoian  deposits  are  deeply  weathered  to  dark  brown, 
in  contrast  to  the  less  weathered,  generally  buff  Wisconsin  drift.  The  older 
(Illinoian) deposits  are  composed  predominantly  of  the  most  resistant  rock  types 
(quartzite,  conglomerate, and  sandstone).  Limestone  is  almost  totally  absent  and 
granite  and  gneiss  are  rare  (Ward,  1938,  p.  46).  The  matrix  of  the  Illinoian  till 
is  more  compact  than  that  of  Wisconsin  age. 

The  amount  of  casing  used  in  a domestic  well  is  a fairly  accurate  measure  of 
the  thickness  of  the  glacial,  weathered,  or  other  unconsolidated  rocks  present  at 
any  particular  place.  In  Northampton  County  glacial  deposits  comprise  the  bulk 
of  the  unconsolidated  rocks  and  thin  southward  and  westward.  The  median 
casing  depths  given  in  Table  1 for  each  of  the  members  reflect  the  change  in 
thickness  from  north  to  south.  Narrow  tongues  of  glacial  sand  and  gravel  more 
than  100  feet  thick  are  present  along  the  north  edge  of  the  area.  Four  such 
tongues  he  in  the  areas  just  east  of  Danielsville,  Youngsville,  and  Delabole,  and 
in  the  area  extending  from  the  Delaware  River  to  the  vicinity  of  Johnsonville  and 
Totts  Gap  School  (Plate  1). 

No  trend  in  the  thickness  of  the  glacial  deposits  is  evident  in  Lehigh  County. 
However,  several  wells  contain  more  than  100  feet  of  casing.  These  wells  are 
either  near  the  north  edge  of  the  formation,  where  the  glacial  sands  and  gravels 
are  locally  thicker,  or  near  the  south  edge  of  the  formation,  where  tectonic  move- 
ments have  promoted  deeper  weathering  of  the  bedrock. 
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PRINCIPLES  OF  GROUND-WATER  OCCURRENCE 

Ground  water  is  precipitation  that  has  infiltrated  downward  through  soil  and 
openings  in  the  rocks  to  a zone  within  which  all  interconnected  openings  are 
filled  with  water  under  pressure  equal  to  or  greater  than  atmospheric.  The  upper 
surface  of  this  zone  is  at  atmospheric  pressure  and  is  called  the  water  table. 
Ground  water  moves  continuously  from  points  of  high  hydraulic  head  to  points 
of  lower  hydraulic  head  and  eventually  to  places  of  discharge  such  as  a spring,  a 
stream,  or  a well. 

When  water  is  added  to  the  ground-water  reservoir  (aquifer)  at  a faster  rate 
than  it  can  be  discharged,  the  water  level  rises  in  the  aquifer.  The  amount  of 
recharge  an  aquifer  receives  depends  primarily  upon  the  amount  and  distribution 
of  precipitation.  In  the  area  of  investigation  recharge  occurs  mainly  during  the 
winter  and  spring  months,  although  slightly  more  precipitation  falls  between 
April  and  September  than  between  October  and  March.  High  temperatures  and 
the  growth  of  plants  cause  the  evapotranspiration  of  nearly  all  precipitation 
during  the  warmer  months.  By  the  middle  of  May,  generally,  water  levels  begin 
to  decline  and  may  continue  to  do  so  past  the  period  of  high  temperatures  and 
the  growing  season.  A cool  and  unusually  wet  summer  and  fall  may  allow  recharge 
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to  occur  a few  weeks  earlier  than  usual  and  may  hold  water  levels  slightly  above 
their  normal  lows,  but  little  recharge  occurs  during  the  growing  period. 

In  unconsolidated  rocks,  such  as  the  glacial  sands  and  gravels,  water  is  present 
in  and  moves  through  the  interstices  between  the  grains  (called  primary  openings). 
Water  enters  a well  drilled  in  these  materials  throughout  the  entire  saturated 
thickness  of  the  aquifer  that  is  open  to  the  well.  In  consolidated  rocks,  such  as 
the  sandstone  and  shale  of  the  Martinsburg  Formation,  the  water  occurs  mainly 
in  fractures  (called  secondary  openings),  so  that  a well  in  these  rocks  receives 
water  only  through  a few  discrete  zones  that  are  separated  from  each  other  by 
nonproductive  zones. 

Changes  in  the  lithology  of  the  unconsolidated  rocks  or  in  the  fracture  pattern 
in  the  consolidated  rocks  produce  changes  in  their  permeability  and  storage  ca- 
pacity. If  the  hydraulic  conductivity  of  the  rocks  increases  away  from  a well, 
the  drawdown  in  the  well  during  pumping  will  increase  less  rapidly  than  it  would 
if  the  hydraulic  conductivity  were  uniform;  if  the  hydraulic  conductivity  de- 
creases away  from  the  well,  the  drawdown  will  increase  more  rapidly. 

FRACTURE  TRACES 

Fracture  traces  are  natural  linear  features  that  are  visible  on  aerial  photographs, 
and  are  believed  to  be  surface  expressions  of  fractures  in  the  underlying  bedrock. 
In  areas  underlain  chiefly  by  fractured  rocks  such  as  the  present  study  area, 
where  most  of  the  ground  water  occurs  in  fractures  rather  than  in  pore  spaces,  a 
knowledge  of  the  location  of  the  fractures  is  helpful  in  developing  ground-water 
supplies.  For  this  reason,  the  locations  of  fracture  traces  are  shown  in  Plate  1. 
However,  time  did  not  permit  the  checking  of  these  features  in  the  field. 

According  to  Lattman  (1958,  p.  569),  fracture  traces  consist  of  topographic 
(including  straight  stream  segments),  vegetational,  or  soil-tonal  alignments,  which 
are  visible  primarily  on  aerial  photographs,  and  are  expressed  continuously  for 
less  than  1 mile.  Similar  features  that  are  expressed  continuously  for  at  least  1 
mile,  and  continuously  or  discontinuously  for  several  miles,  are  defined  as  linea- 
ments and  are  considered  to  be  due  to  deep-seated  movements. 

Fracture  traces  do  not  include  linear  features  that  are  obviously  related  to 
bedding,  striation,  foliation,  and  stratigraphic  contacts.  They  are  believed  to  be 
related  to  individual  joints,  zones  of  closely  spaced  joints,  or  small-scale  faults. 
Inasmuch  as  these  features  remain  straight  over  irregular  topographic  surfaces, 
they  are  believed  to  be  steeply  inclined.  Traces  of  slightly  to  moderately  inclined 
fractures  would  be  sinuous  in  areas  of  substantial  relief  and  probably  would  not 
be  recognized  as  fracture  traces  on  aerial  photographs. 

Fracture  traces  were  identified  and  plotted  on  photographs  at  a scale  of  ap- 
proximately 1:20,000,  first  with  the  unaided  eye,  then  with  a stereoscopic  lens. 
Projections  of  the  photo  were  then  reduced  to  a scale  of  1 :24,000  and  the  frac- 
ture traces  were  transferred  to  topographic  maps  of  that  scale.  Few  fractures 
were  plotted  in  forested  sections  because  of  the  difficulty  in  distinguishing  the 
numerous  woodlot  lines  of  past  timbering  operations  from  natural  linear  features. 
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The  numerator  of  the  fraction  is  the  number  of  water-bearing  zones  and  the  denominator  is  the  number  of  wells  sampled  in  the  particular  depth  ran; 
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zones  penetrated  by  the  well.  Wells  in  Lehigh  County  penetrating  5 or  6 zones 
and  in  Northampton  County  penetrating  4 or  5 zones  are  too  few  to  furnish  a 
meaningful  median  yield. 


Well  Yields 

The  capacity  of  a well  to  yield  water  is  generally  tested  at  the  time  the  well  is 
drilled.  The  rate  at  which  water  must  be  withdrawn  from  the  well  either  by 
bailing  (if  the  well  was  drilled  with  a churn  drill)  or  by  blowing  (if  the  well  was 
drilled  with  a pneumatic  rotary  drill)  to  maintain  the  water  level  near  the  bottom 
of  the  well  is  considered  to  be  the  yield  of  the  well.  The  carefulness  with  which 
the  water  level  is  maintained  near  the  bottom  of  the  well  during  the  test  is  an 
important  factor  in  determining  the  accuracy  of  the  measurement  of  the  yield. 
The  depth  to  water  is  generally  estimated  only  roughly  in  this  type  of  test,  how- 
ever, so  that  yield  figures  are  less  satisfactory  than  specific  capacities  for  esti- 
mating the  well’s  capacity.  (See  next  section.)  Inasmuch  as  yields  are  commonly 
reported  on  wells,  they  are  used  in  this  report  as  a guide  to  the  capacity  of  the 
well  or  aquifer.  Data  on  well  yields  are  summarized  in  Table  1 and  on  specific 
capacities  in  Table  3. 


Pen  Argyl  Member 

Half  the  domestic  wells  in  the  Pen  Argyl  yield  1 5 gpm  or  less  in  Lehigh  County 
and  25  gpm  or  less  in  Northampton  County.  The  median  yield  of  the  non- 
domestic wells  is  144  gpm  in  Lehigh  and  122  gpm  in  Northampton.  About  one- 
fourth  of  the  wells  in  the  member  as  a whole  yield  more  than  50  gpm  and  17 
percent  yield  over  100  gpm.  Most  of  the  high-yielding  wells  are  along  the  slope 
of  Blue  Mountain.  Only  one  well  yields  less  than  5 gpm. 

Ramseyburg  Member 

Half  the  domestic  wells  in  the  Ramseyburg  yield  13  gpm  or  less  in  Lehigh 
County  and  15  gpm  or  less  in  Northampton  County.  The  median  yield  of  non- 
domestic wells  is  about  twice  that  of  the  domestic  wells  in  Lehigh  County;  but, 
as  data  on  only  three  nondomestic  wells  in  Northampton  County  are  available, 
evaluation  and  comparison  of  these  wells  are  not  warranted.  Only  7 percent  of  | 
the  wells  in  the  member  yield  more  than  50  gpm  and  only  2 wells  yield  more  i 
than  100  gpm.  Five  percent  of  the  wells  yield  less  than  5 gpm.  j 

Bushkill  Member  ^ 

Half  the  domestic  wells  in  the  Bushkill  in  both  Lehigh  and  Northampton 
Counties  yield  about  10  gpm  or  less.  On  the  other  hand,  half  the  nondomestic 
wells  yield  less  than  26  gpm  in  Lehigh  County  and  less  than  42  gpm  in  North- 
ampton County . Only  8 percent  of  the  wells  in  the  two  counties  yield  more  than  ' 
50  gpm,  although  about  half  of  these  yield  over  100  gpm.  Sixteen  percent  of  the  ^ 
wells  yield  less  than  5 gpm.  ' 


Number  of  wells  Median  yield, in  gallons  per  minute 
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Lehigh  County  Northampton  County 


Number  of  yield  zones  per  well 


Number  of  yield  zones  per  well 

Figure  2.  Relation  of  the  yield  of  wells  to  the  number  ot  water-bearing  zones. 
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The  topographic  position  of  domestic  wells  in  the  Martinsburg  Formation 
apparently  has  little  effect  on  their  yield;  only  the  valley  wells  in  Northampton 
County  (median  yield  20  gpm)  obtain  more  than  the  median  yield  of  12  to  13 
gpm  reported  for  all  topographic  positions  in  the  two  counties.  Nondomestic 
wells  on  slopes  have  a median  yield  of  62  gpm  in  Lehigh  and  196  gpm  in  North- 
ampton County-five  to  nine  times  as  much  as  domestic  wells— and  yield  two  to 
three  times  as  much  as  nondomestic  wells  on  uplands  and  in  valleys. 

Glacial  Deposits 

Yields  are  reported  on  10  wells  drilled  in  glacial  material  in  Northampton 
County;  all  but  one  were  drilled  for  domestic  use.  The  median  yield  is  40  gpm— 
nearly  three  times  that  of  the  domestic  bedrock  wells  in  the  county,  but  the 
median  depth  is  only  about  two-thirds  that  of  the  bedrock  wells.  The  smallest 
yield  reported  is  9 gpm. 

Specific  Capacities 

The  specific  capacity  of  a well  is  the  amount  of  water,  in  gallons  per  minute, 
that  may  be  pumped  from  a well  for  each  foot  that  the  water  level  is  lowered  in 
the  well.  It  may  be  used  to  estimate  the  approximate  rate  at  which  the  well  can 
be  pumped  for  any  assumed  drawdown.  The  estimate  becomes  less  accurate  as 
the  pumping  rate  is  increased  because  the  water  has  increased  difficulty  entering 
the  borehole  due  to  the  increased  turbulence.  The  amount  of  turbulence  is  due 
to  such  factors  as  the  velocity  of  the  water,  the  size  of  the  openings  in  the  rock 
around  the  well  througli  which  the  water  flows,  and  the  diameter  of  the  bore- 
hole. 

A specific  capacity  is  a more  accurate  estimate  of  a well’s  capability  of  yield- 
ing water  than  the  commonly  reported  yield  figure,  because  it  is  not  necessary  to 
assume,  in  computing  the  specific  capacity,  that  the  water  level  was  maintained 
at  any  particular  drawdown  (as  at  the  bottom  in  the  case  of  yield).  Rather,  the 
water  level  need  only  be  measured  near  the  end  of  the  pumping  and  then  divided 
into  the  average  rate  of  discharge. 

Both  specific  capacity  and  yield  decrease  slowly  as  pumping  continues.  Fur- 
thermore, both  values  decrease  as  the  water  level  in  the  well  declines  below  a 
yielding  zone. 

Two  sets  of  measurements  of  specific  capacity  are  presented  in  Table  3. 
Recent  state  regulations  require  drillers  to  submit  well-completion  reports  that 
include,  along  with  other  well  data,  the  rate  at  which  the  well  was  test  pumped 
and  the  drawdown  near  the  end  of  the  test.  Specific  capacities  computed  from 
these  data  are  tabulated  as  reported  capacities.  Unfortunately,  the  well  inventory 
in  Northampton  County  was  completed  before  many  of  the  data  were  available. 
Pumping  tests  of  about  1-hour  duration  were  made  on  54  wells  by  personnel  of 
the  U.S.  Geological  Survey.  Specific  capacities  computed  from  these  data  are 
tabulated  as  1-hour  specific  capacities. 

The  most  outstanding  feature  of  these  data  is  their  great  variability;  the  largest 
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specific  capacity  is  1,000  times  the  smallest.  In  most  categories,  therefore,  the 
sample  size  is  too  small  to  permit  adequate  evaluation.  Perhaps  the  reported 
capacities  only  of  domestic  wells  in  Lehigh  County  are  sufficiently  abundant  to 
properly  represent  the  median  values  in  the  several  categories.  The  73  reported 
values  are  fairly  evenly  distributed  and  indicate  a progressive  decline,  from  the 
Pen  Argyl  to  the  Bushkill  Members,  in  the  aquifer’s  capability  of  yielding  water. 
Further,  wells  on  uplands  and  slopes  have  similar  yields,  but  they  yield  con- 
siderably less  than  wells  in  valleys.  The  median  specific  capacity  of  the  formation 
is  about  0.5  gpm  per  foot  of  drawdown. 

Well  Interference 

When  two  or  more  wells  are  drilled  within  a small  area,  the  pumping  of  one  of 
the  wells  may  lower  the  water  level  in  the  other  well(s)  and  so  interfere  with  the 
performance  of  the  other  well(s).  In  a homogeneous  and  isotropic  aquifer  the 
effects  of  pumping  may  be  readily  calculated  for  any  distance,  direction,  or  du- 
ration and  rate  of  pumping  if  the  transmissivity,  or  rate  at  which  water  can  be 
moved  through  the  aquifer,  and  storage  coefficient  of  the  aquifer  are  known. 
These  coefficients  may  be  calculated  if  an  initial  test  is  made  in  which  the  pump- 
ing rate,  the  distance  to  a nearby  well  in  the  same  aquifer,  and  periodic  measure- 
ments of  drawdown  in  the  nearby  well  during  pumping  are  measured. 

Unconsolidated  rocks  commonly  meet  the  theoretical  requirements  for  such 
calculations;  however,  consolidated  rocks  rarely  do,  because  their  water  is  con- 
fined to  a few  narrow  channels  such  as  fractures  or  bedding  planes,  so  that  the 
aquifer  is  extremely  inhomogeneous  and  anisotropic.  Under  such  conditions 
complete  hydraulic  connection  between  two  wells  is  not  likely  to  obtain. 

If  two  nearby  wells  in  a consolidated-rock  aquifer  are  drilled  along  the  same 
fracture  or  bedding  plane,  or  closely  connected  ones,  the  pumping  of  one  of  the 
wells  will  affect  the  other.  A well  along  a line  from  the  pumped  well  at  right 
angles  to  the  strike  of  these  water-bearing  openings  will  be  negligibly  affected. 
Wells  situated  at  an  intermediate  angle  will  be  affected  to  an  intermediate  extent. 
Calculation  of  aquifer  coefficients  under  such  complex  conditions,  then,  is  likely 
to  be  an  intellectual  exercise  rather  than  a step  toward  the  solution  of  problems 
in  quantitative  hydrology. 

In  the  present  study  only  two  tests  were  made  to  determine  the  aquifer  co- 
efficients, transmissivity  and  storage.  Transmissivity  is  a measure  of  the  ability 
of  the  aquifer  to  transmit  water  and  is  defined  as  the  quantity  of  water,  in  gallons 
per  day,  that  will  flow  through  a vertical  section  of  the  aquifer  1-foot  wide  and 
extending  the  full  height  of  the  aquifer  under  a unit  hydraulic  gradient  at  the 
prevailing  temperature  of  the  water.  The  coefficient  of  storage  of  an  aquifer  is 
the  volume  of  water  it  releases  from  or  takes  into  storage  per  unit  surface  area  of 
the  aquifer  per  unit  change  in  the  component  of  head  normal  to  that  surface. 
Well  Np-487  was  pumped  and  drawdown  was  measured  in  well  Np-488.  The 
wells  were  then  allowed  to  recover  to  static  conditions,  and  well  Np-488  was 
pumped  while  the  water  level  in  well  Np-487  was  monitored.  Agreement  between 
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the  results  of  the  two  tests  was  surprisingly  good  because  they  lay  along  a line 
nearly  parallel  to  the  strike  of  the  water-bearing  zones.  When  well  Np-488  was 
the  “observed”  well  the  transmissivity  was  measured  as  2,500  gpd  (gallons  per 
day)  per  foot  of  saturated  thickness  of  the  aquifer.  When  well  Np-487  was 
“observed”  the  transmissivity  obtained  was  1,300  gpd  per  foot.  In  both  tests  a 
storage  coefficient  of  0.00003  was  obtained. 


Static  Water  Level 

Knowledge  of  the  static  water  level  in  a well  is  important  in  estimating  the 
amount  of  available  drawdown  in  the  well  -that  is,  the  height  of  the  static  water 
above  the  zone(s)  at  which  the  water  enters  the  well.  The  static  water  level 
constitutes  an  index  of  the  recharge-discharge  regimen  of  the  water  in  the  aquifer. 
As  noted  earlier  (p.  8),  the  rate  of  recharge  varies  with  time  and  depends  chiefly 
on  the  weather.  The  rate  of  natural  discharge  tends  to  fluctuate  less,  being  con- 
trolled in  large  part  by  the  hydraulic  characteristics  of  the  aquifer  and  by  the 
hydraulic  gradients  toward  the  discharge  outlets.  Changes  in  the  hydraulic 
gradients  are  reflected  by  the  seasonal  fluctuations  in  water  level  in  wells. 

No  records  of  seasonal  water-level  fluctuations  were  collected  in  wells  in  the 
Martinsburg  in  Lehigh  and  Northampton  Counties;  however,  records  obtained 
from  wells  drilled  in  this  formation  in  Dauphin  County  (Carswell  and  Hollowell, 
1968,  p.  23)  indicate  that  seasonal  effects  are  fairly  small.  During  the  period  of 
measurement  (1962-63)  water  levels  fluctuated  about  their  means  approximately 
3-1/2  to  6 feet  in  wells  in  uplands  and  only  about  1 to  2 feet  in  wells  in  valleys. 

The  topographic  position  of  the  wells  appears  to  have  more  effect  on  the 
depth  to  water  than  do  the  seasonal  factors.  The  median  water  level  in  Lehigh 
County  wells  in  uplands  is  slightly  more  than  40  feet  below  the  land  surface,  and 
in  wells  in  valleys  it  is  14  feet  in  domestic  wells  and  6 feet  in  nondomestic  wells. 
The  median  depth  to  water  in  domestic  wells  in  Northampton  County  is  30  feet 
in  upland  wells  and  12  feet  in  valley  wells.  The  depths  to  static  water  level  in 
nondomestic  wells  in  Northampton  County  are  about  the  same  in  uplands  and 
valleys— possibly  because  of  the  unusually  large  amounts  of  casing  used  in  these 
wells.  The  water  levels  in  each  category  were  collected  over  a period  of  several 
years,  so  that  seasonal  effects  should  be  negligible. 

WATER  QUALITY 

Samples  of  water  from  35  wells  and  1 spring  were  analyzed  in  the  U.S.  Geo- 
logical Survey  laboratory.  The  results  are  shown  in  Table  7 and  are  summarized 
in  Table  4.  In  addition,  field  measurements  of  hardness  and  specific  conductance 
were  made  on  about  550  samples.  The  field  measurements  are  listed  with  other 
well  data  in  Table  6 and  are  summarized  in  Table  5. 

The  dissolved  constituents  in  the  water  were  derived,  for  the  most  part,  from 
the  solution  of  natural  materials  througli  which  the  water  passed.  Locally,  other 
material  has  been  added  by  the  activities  of  man. 


Table  4.  Summary  of  Chemical  Analyses 
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May  be  converted  to  milligrams  per  liter  by  multiplying  by  1 7 
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Laboratory  Analyses 

Water  in  the  Martinsburg  Formation  is  moderately  low  in  dissolved  solids. 
Half  the  analyzed  samples  contain  166  mg/1  (milligrams  per  liter)  or  less,  and 
only  four  samples  (all  in  Northampton  County)  exceed  281  mg/1.  These  four 
range  from  488  to  935  mg/ 1 . The  dominant  cations  are  calcium  and  magnesium. 
The  ratio  of  calcium  to  magnesium  ranges  from  1.1  to  5.4  and  is  less  than  3.0  in 
half  of  the  samples.  Sodium  is  the  dominant  cation  in  only  five  samples. 

Bicarbonate  is  the  most  abundant  anion  and  exceeds  the  sum  of  the  other 
anions  in  more  than  half  the  samples.  Sulfate  is  next  in  abundance,  and  generally 
makes  up  between  15  and  50  percent  of  the  anions.  Chloride  and  nitrate  com- 
bined exceed  30  percent  of  the  anions  in  only  seven  samples. 

Several  of  the  analyses  indicate  concentrations  of  one  or  more  constituents 
in  excess  of  that  recommended  by  the  U.S.  Public  Health  Service  (1962)  for 
drinking  water.  Excessive  amounts  of  iron  and  manganese  impart  an  objection- 
able taste  to  water  and  cause  staining  of  laundry.  The  Public  Health  Service 
recommends  that  concentrations  of  these  elements  should  not  exceed  0.3  and 
0.05  mg/1,  respectively.  Six  samples  contained  excessive  iron,  and  two  samples 
contained  excessive  manganese.  High  nitrate  concentrations  in  water  may  cause 
infantile  methemoglobinemia,  or  “blue-baby  disease,”  which  produces  cyanosis 
in  infants.  Only  two  samples  exceeded  the  maximum  limit  of  45  mg/1.  Water 
containing  more  than  500  mg/1  dissolved  solids  is  not  recommended  by  the 
Public  Health  Service  for  drinking,  as  concentrations  above  this  amount  generally 
impart  an  objectionable  taste  to  water.  Concentrations  greater  than  500  mg/1, 
however,  will  not  necessarily  have  an  injurious  effect,  and  water  containing  such 
amounts  may  be  used  where  other  water  is  not  available.  Three  of  the  analyses 
show  more  than  500  mg/ 1 . 


Contamination 

Water  may  be  contaminated  without  the  concentration  of  the  contaminants 
exceeding  the  maximum  limits  for  drinking  water  recommended  by  the  Public 
Health  Service.  It  is  important  to  know  if  ions  such  as  chloride  and  nitrate  are 
present  in  amounts  greater  than  those  in  which  they  occur  naturally,  because 
these  are  the  ions  most  commonly  added  from  human  and  animal  wastes  and 
from  other  activities  of  man.  Thus,  these  ions,  though  harmless  in  themselves, 
may  be  indicators  of  the  presence  of  harmful  bacteria. 

To  gain  some  idea  of  the  natural  concentrations  of  chloride  and  nitrate  in  the 
ground  water  of  the  Martinsburg,  the  analyses  were  arranged  in  order  of  increasing 
concentration  to  see  if  they  formed  a uniformly  increasing  series  or  if  the  series 
was  marked  by  a pronounced  discontinuity  or  sharp  change.  Figure  3 shows  this 
ranking.  The  chloride  series  has  a discontinuity  at  about  8 mg/1  in  Lehigh  County 
and  at  3 mg/1  in  Northampton  County;  approximately  three-fourths  and  one 
half  of  the  samples,  respectively,  had  less  than  this  amount  of  chloride.  The 
discontinuity  in  the  nitrate  ranking  occurs  at  about  0.5  mg/1  in  both  counties; 
nearly  half  the  samples  had  less  than  this  amount  of  nitrate.  High  chloride  is  not 
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Figure 
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CHLORIDE  NITRATE 

Lehigh  County 

3.  Ranked  concentrations  of  chloride  and  nitrate.  Each  box 
represents  one  sample. 
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necessarily  accompanied  by  high  nitrate,  however,  as  they  may  be  derived,  in 
part,  from  different  sources.  Calcium  chloride,  for  instance,  is  added  to  highways 
in  the  winter  to  melt  ice  and  is  subsequently  leached  to  the  ground.  The  sharp 
discontinuity  in  the  ranked  concentration  of  both  ions  suggests,  however,  that 
values  above  the  break  are  not  derived  naturally  from  these  rocks.  Samples  of 
ground  water  that  contain  more  of  these  ions  than  the  amounts  cited  above 
should  be  checked  for  bacteria. 

Occurrence  of  Hydrogen  Sulfide 

About  5 percent  of  the  wells  inventoried  are  reported  to  yield  water  contain- 
ing hydrogen  sulfide  (H2S).  The  gas  occurs  naturally  in  the  Martinsburg  For- 
mation and  does  not  necessarily  indicate  pollution.  Although  the  gas  has  an 
unpleasant  odor,  it  does  not  constitute  a health  hazard  in  the  concentrations  in 
which  it  normally  occurs  and  may  be  removed  by  boiling  the  water. 

About  92  percent  of  the  H2S-bearing  wells  are  fairly  evenly  distributed  be- 


PERCENTAGE  EQUIVALENTS 
LEHIGH  COUNTY 

Figure  4.  Chemical  analyses  of  water  in  Lehigh  County.  Numbers  are 
those  of  wells  sampled. 
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tween  the  lower  two  members,  and  the  remaining  8 percent  are  in  the  Pen  Argyl. 
Approximately  two-thirds  of  the  wells  are  in  valleys,  one-fourth  are  on  slopes, 
and  only  5 percent  are  on  uplands.  Most  of  these  wells,  regardless  of  the  geologic 
member  in  which  they  are  drilled  or  their  topographic  position,  are  somewhat 
deeper  than  the  non-H2S-bearing  wells  in  the  same  geologic  unit  or  topographic 
position.  Examination  of  the  chemical  analyses  shows  that  in  about  half  of  the 
H2S-bearing  wells  the  water  is  dominantly  a sodium  bicarbonate  water  rather 
than  the  more  common  calcium  magnesium  bicarbonate  type  (Figures  4 and  5). 

These  data  suggest  that  the  sulfide-bearing  water  is  derived  from  greater  depths 
below  land  surface  than  the  fresh  water.  The  sodium-rich  character  of  some  of 
the  H2S-bearing  water  suggests  that  the  rocks  have  not  been  completely  flushed 
of  the  ions  entrapped  when  the  sediments  were  laid  down.  (See  Poth,  1963, 

p.  80.) 

In  summary,  the  presence  of  hydrogen  sulfide  in  these  rocks  is  probably  the 


PERCENTAGE  EQUIVALENTS 
NORTHAMPTON  COUN'^Y 


Figure  5.  Chemical  analyses  of  water  in  Northampton  County.  Numbers  are 
those  of  wells  sampled. 
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result  of  the  following  sequence  of  events.  Water  in  the  basin  was  marine  or 
brackish  and  circulation  of  the  water  was  restricted,  so  that  reducing  conditions 
obtained.  In  such  an  environment  conditions  were  favorable  for  the  re- 
duction to  sulfides  of  sulfates  that  were  carried  into  the  basin  and  to  the  sub- 
sequent precipitation  of  the  sulfides.  Decomposition  of  the  sulfide  minerals  in 
the  absence  of  oxygen  produced  hydrogen  sulfide.  Some  of  the  hydrogen  sul- 
fide may  have  been  produced  directly  from  the  sulfate  reduction. 

Following  the  induration  of  these  sediments  and  their  elevation  above  sea 
level,  percolating  fresh  water  began  to  flush  the  salt  water.  Flushing  proceeded 
fastest  near  the  surface,  where  the  flow  path  of  the  water  was  the  shortest.  Chlo- 
ride was  readily  removed,  but  the  sodium  and  potassium  were  adsorbed  on  the 
clays  of  the  Martinsburg  and  were  released  slowly  by  ion  exchange  with  the 
calcium  and  magnesium  in  the  fresh  water.  The  slow  anaerobic  breakdown  of 
the  sulfide  minerals  released  H2S  into  the  water. 

Field  Analyses 

Approximately  550  determinations  of  hardness  and  specific  conductance  and 
30  determinations  of  pH  were  made  in  the  field.  They  are  summarized  in  Table  5 
and  are  listed  with  the  other  data  on  individual  wells  in  Table  6. 

Hardness  in  water  is  a measure  of  its  resistance  to  sudsing  and  is  due  chiefly  to 
the  presence  of  calcium  and  magnesium  ions.  The  field  measurements  of  hard- 
ness are  reported  in  grains  per  gallon  (gpg)  rather  than  in  milligrams  per  liter 
(mg/1),  because  the  field  method  is  accurate  only  to  plus  or  minus  1 grain  per 
gallon;  therefore,  to  state  the  results  in  milligrams  per  liter  would  imply  a false 
accuracy.  Hardness  concentrations  in  milligrams  per  liter  may  be  obtained  by 
multiplying  the  grains  per  gallon  by  17. 

The  median  hardness  is  least  in  the  Pen  Argyl  and  increases  slightly  but  pro- 
gressively in  the  Ramseyburg  and  Bushkill  Members.  Topography  apparently 
exerts  little  effect,  although  water  in  upland  wells  in  Northampton  County  is 
harder  than  elsewhere  in  the  area. 

Plate  1 shows  the  distribution  of  hardness  in  the  Martinsburg  Formation.  The 
water  becomes  harder  along  the  south  edge  of  the  formation— especially  in  North- 
ampton County  where,  locally,  it  may  exceed  20  gpg.  The  increase  is  probably 
due  to  the  presence  of  dolomite  beds  in  the  Bushkill  Member.  A few  wells  con- 
tain water  of  anomalously  high  or  low  hardness.  The  anomalies  are  probably 
due  to  contamination,  to  a deep  source  of  water,  or  to  the  presence  of  local 
carbonate  beds  where  the  water  is  very  hard,  and  to  a local  shallow  source  where 
the  water  is  soft. 

The  specific  conductance  of  water  is  a measure  of  the  ability  of  a unit 
volume  of  water  to  conduct  an  electric  current,  and  depends  on  the  nature  and 
concentration  of  ions  in  solution  in  the  water.  By  knowing  the  relationship  of 
the  conductance  to  the  ions  in  solution  it  is  possible  to  predict  the  value  of  one 
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if  the  other  is  known.  Field  measurements  of  specific  conductance,  therefore, 
were  compared  mathematically  with  the  dissolved-solids  content  of  each  of  the 
36  samples  analyzed  in  the  laboratory.  In  this  way  it  was  determined  that  the 
dissolved  solids  could  be  estimated  by  multiplying  the  conductance  by  0.718  and 
subtracting  26  from  the  product.  The  standard  error  of  estimate  of  this  cal- 
culation is  only  3 1 mg/ 1 . 

The  field  conductances  support  the  conclusions  drawn  from  the  hardness 
data;  that  is,  the  water  is  progressively  more  mineralized  from  north  to  south, 
and  the  mineral  content  of  the  water  is  not  related  to  the  topographic  position 
of  the  well. 

The  pH  of  the  water  is  a measure  of  its  acidity  or  alkalinity  and  is  caused  by 
the  ions  in  solution.  Only  a few  measurements  were  made  of  this  property,  but 
these  indicate  that  the  water  is  slightly  acidic. 


Ta  b I e 5 . Summary  o f Field  A nalyses 


County 

Type 
of  well 

Well  position 

Hardness 

Specific  conductance 

pH 

Median 

Number  (grams  per 
of  wells  gallon)' 

Range 
(grains  per 
gallon)' 

Median  Range 

Number  (micromhos  (micromhos 
of  wells  at  25°C)  at  25°r) 

Number 
of  wells 

Media  n 

Range 

Pen  Argyl  Member 

31 

4 

1-11 

31 

200 

<50-400 

5 

6.7 

5. 7-7.6 

V ^ 

Ramseyburg  .Member 

76 

5 

1 10 

76 

230 

75-460 

3 

7.1 

6. 9-7. 6 

o ^ 

Bushkill  Member 

78 

6 

2-16 

77 

270 

100-920 

8 

6.7 

6. 1-7.4 

Uplands 

57 

5 

1-15 

57 

240 

<50-920 

3 

7.0 

7.0-7. 1 

Slopes 

72 

5 

1-16 

72 

255 

<50  810 

6 

6.4 

6. 1-6. 9 

0 

Valleys 

56 

5 

2-13 

55 

240 

75-460 

7 

6.8 

5. 7-7.6 

Formation  as  a whole 

185 

5 

1-^16 

185 

240 

<50-920 

16 

6.8 

5. 7-7.6 

.3 

Pen  Argyl  Member 

5 

3 

3-4 

3 

160 

155-230 

0 

- 

- 

c — 

Ramseyburg  Member 

4 

6 

5-9 

4 

285 

220-400 

u 

- 

- 

c ^ 

Bushkill  Member 

25 

6 

1-11 

25 

310 

140-460 

1 

8.25 

8.25 

O ■ — 

O 

Uplands 

4 

8 

4-10 

4 

312 

195-460 

0 

- 

- 

■2  E 

Slopes 

15 

5 

1 -9 

13 

230 

160-360 

0 

- 

- 

Valleys 

15 

7 

3-11 

15 

310 

140-450 

1 

8.25 

8.25 

Formation  as  a whole 

34 

6 

1 -11 

32 

305 

140-460 

1 

8.25 

8.25 

Pen  Argyl  Memb 

'r 

50 

3 

1-10 

48 

120 

<50  -420 

0 

_ 

Ramseyburg  Member 

116 

6 

2-19 

114 

240 

70-820 

6 

6.2 

6.0-7.6 

O O 

Bushkill  Member 

134 

8 

2-24 

135 

300 

85-1,300 

7 

7.0 

6. 5-7. 7 

T3  t? 
lU 

Uplands 

45 

9 

2-24 

45 

300 

100-1,300 

3 

6.6 

6.0-6. 6 

25  S 

Slopes 

191 

6 

1-24 

189 

245 

<50-1,050 

6 

6.75 

6.1  -7.1 

O 

•a 

Valleys 

64 

6 

2-15 

63 

250 

55-625 

4 

7.3 

6. 0-7. 7 

c 

Formation  as  a whole 

300 

7 

1-24 

297 

250 

<50  -1,300 

13 

6.6 

6.0-7. 7 

CZ 

Pen  Argyl  Member 

4 

3 

1-5 

4 

100 

<50-260 

0 

- 

- 

o 

Ramseyburg  Member 

7 

9 

3-11 

7 

280 

110-380 

0 

- 

- 

Z 

c 5 

Bushkill  Member 

7 

10 

5-23 

7 

380 

250-1,000 

0 

- 

- 

CJ  '.s 

Uplands 

2 

11 

10-12 

2 

385 

370-400 

0 

- 

2 E 

Slopes 

8 

4 

1-23 

8 

132 

<50-1,000 

0 

- 

m o 

Valleys 

8 

8 

5-13 

8 

270 

250-520 

0 

- 

- 

Formation  as  a whole 

18 

8 

1-23 

18 

270 

<50-1,000 

- 

7 ^ 

Domestic  wells 

1 1 

6 

1-12 

11 

270 

<50-315 

0 

r3  O 

Non-domestic  wells 

3 

9 

1-9 

3 

280 

50-295 

1 

6.6 

6.6 

o S' 

Combined 

14 

8 

1-12 

14 

270 

<50-315 

1 

6.6 

6.6 

May  be  converted  to  milligrams  per  liter  by  multiplying  by  17. 
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HYDROLOGY 


I 1 

Also,  few  traces  were  plotted  parallel  to  the  general  northeast-southwest  strike 
of  bedding  because  of  the  possibility  of  mistaking  bedding  traces  for  fracture 
traces.  Only  the  most  conspicuous  linear  features  were  plotted.  Care  was  taken 
to  determine  that  the  traces  were  not  man-made  features. 

WATER-BEARING  PROPERTIES  OF  THE  FORMATION 
Effect  of  Use 

The  use  to  which  a well  is  put  often  determines  the  physical  characteristics  of 
the  well.  A well  that  is  drilled  for  public  supply,  industrial,  commercial,  institu- 
tion, or  irrigation  use  will  generally  be  deeper  and  yield  more  water  (and  so  enable 
more  full  appraisal  of  the  aquifer  at  that  point)  than  a well  drilled  for  domestic 
use.  For  this  reason  the  wells  inventoried  during  this  investigation  have  been 
grouped  in  two  categories.  The  nondomestic  wells  are  as  follows: 

Number  of  wells 


Lehigh 

Northampton 

Use  of  well 

County 

County 

Public  supply 

17 

34 

Industrial 

16 

5 

Commercial 

0 

5 

Institution 

6 

1 

Irrigation 

30 

1 

Nondomestic  wells  are  the  best  source  of  information  about  the  aquifer,  but 
they  are  scarce  and  are  unevenly  distributed.  Therefore,  information  on  domes- 
tic wells  is  used  to  supplement  that  from  the  nondomestic  wells  and  to  supply 
information  on  the  water-bearing  properties  of  the  formation  in  areas  where  such 
information  is  otherwise  lacking. 

Data  on  well  depth,  casing  depth,  reported  yield,  and  static  water  level  are 
summarized  inTable  1 by  county,  use, geologic  member, and  topographic  position. 

Well  and  Casing  Depths 

The  median  depth  of  domestic  wells  is  about  the  same  in  each  of  the  members 
in  both  counties,  ranging  from  102  to  120  feet,  except  in  the  Bushkill  Member 
in  Lehigh  County  where  the  median  depth  is  156  feet.  A large  number  of  the 
deeper  wells  in  this  unit  are  in  upland  areas  where  the  median  depth  is  184  feet. 
The  average  nondomestic  well  is  about  twice  as  deep  as  the  average  domestic 
well. 

The  median  depth  of  casing  in  domestic  wells  is  about  30  feet  in  both  counties. 
Nondomestic  wells  in  Lehigh  County  have  only  a slightly  greater  median  depth 
of  casing  (38  feet),  but  those  in  Northampton  County  contain  about  three  times 
as  much  casing. 

The  topographic  position  of  the  well  has  a slight  effect  on  the  depth  to  which 
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the  well  is  drilled.  Wells  on  uplands  average  30  to  40  feet  deeper  than  those  on 
slopes  and  are  deeper  in  Lehigh  County  than  in  Northampton  County.  Wells  in 
valleys  tend  to  be  somewhat  shallower  than  those  on  slopes,  but  the  difference 
in  depth  is  much  smaller  than  between  wells  on  uplands  and  on  slopes. 

Topography  exerts  only  a slight  and  inconsistent  effect  on  the  lengths  of 
casing  required  in  domestic  wells.  However,  nondomestic  wells  on  uplands  and 
slopes  contain  about  twice  as  much  casing  as  they  do  in  valleys.  Furthermore, 
these  wells  contain  about  twice  as  much  casing  in  Northampton  County  as  they 
do  in  Lehigh  County  in  the  corresponding  topographic  position. 

Water-Bearing  Zones 

Most  wells  in  the  Martinsburg  obtain  water  from  several  discrete  openings  sep- 
arated from  one  another  by  nonyielding  or  barren  zones.  Table  2 summarizes 
the  data  available  on  water-bearing  zones.  The  table  contains  a variety  of  infor- 
mation. 

First,  as  the  denominator  of  the  fraction  indicates  the  number  of  wells  pene- 
trating any  particular  depth  range,  the  denominator  of  the  shallowest  range 
obviously  indicates  the  total  number  of  wells  in  that  unit  for  which  data  on 
depth  to  water-bearing  zones  were  obtained.  Thus,  data  were  obtained  from 
72  wells  in  the  Ramseyburg  Member  in  Lehigh  County. 

Second,  the  table  indicates  the  maximum  depth  range  of  the  wells  and  yielding 
zones  for  which  data  were  obtained.  For  example,  in  Northampton  County  two 
wells  on  slopes  reach  the  751-  to  800-foot  depth  range  and  one  of  these  is  1,030 
feet  deep.  However,  only  a single  yielding  zone  was  encountered  below  400  feet 
and  that  was  in  the  751-  to  800-foot  range. 

Third,  the  relative  abundance  of  zones  at  different  depths  is  shown  by  the 
value  of  the  fraction.  However,  abundance  ratios  become  less  sensitive  as  the 
depth  increases,  because  the  size  of  the  sample  decreases. 

Most  of  the  wells  yield  water  from  two  or  three  zones  and  a few  obtain  water 
from  as  many  as  six  openings.  Yielding  zones  are  most  abundant  in  the  Martins- 
burg in  the  50-  to  150-foot  depth  range;  however,  they  are  sufficiently  abundant 
to  about  400  feet  below  land  surface  to  make  drilling  to  this  depth  worthwhile 
where  maximum  well  yields  are  needed.  There  are  generally  not  enough  water- 
bearing zones  below  400  feet  to  justify  the  added  expense  of  drilling  below  that 
depth.  However,  data  on  water-bearing  zones  at  depths  greater  than  300  feet 
beneath  valleys  are  not  sufficiently  abundant  for  evaluation,  because  wells  in 
valleys  are  shallower  than  those  in  other  topographic  positions.  Lehigh  County 
wells  provide  more  information  on  the  deeper  zones  than  do  the  Northampton 
County  wells  because  of  the  greater  abundance  of  deep  wells  in  Lehigh  County. 
The  topographic  position  of  a well  does  not  appear  to  be  important  in  deter- 
mining either  the  depth  or  frequency  of  occurrence  of  water-bearing  zones. 

The  effect  of  multiple  water-bearing  zones  on  the  yield  of  the  well  appears 
to  be  surprisingly  slight.  Figure  2 shows  the  median  yield  of  wells  in  the  Martins- 
burg in  the  two  counties  classified  according  to  the  number  of  water-bearing 
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SUMMARY  AND  CONCLUSIONS 

The  Martinsburg  Formation  underlies  the  northern  half  of  Lehigh  and  North- 
mpton  Counties,  and  is  of  Middle  and  Late  Ordovician  age.  It  is  bounded  on 
le  south  by  older  Ordovician  limestone  formations  and  on  the  north  by  a ridge- 
rrming  conglomerate  of  Silurian  age.  Recent  mapping  has  supported  a three- 
art  division  of  the  Martinsburg  into  a lower  thin-bedded  slate  (Bushkill  Member), 
middle  graywacke-bearing  unit  (Ramseyburg  Member),  and  an  upper  thick- 
sdded  slate  (Pen  Argyl  Member). 

About  three-fourths  of  the  area  is  blanketed  by  glacial  deposits  of  Illinoian 
je.  Sand  and  gravel  of  Wisconsin  age  are  present  in  the  extreme  eastern  part  of 
le  area.  The  glacial  deposits  thin  southward  and  westward,  as  indicated  by 
ising  depths.  A few  narrow  tongues  of  glacial  deposits  are  100  feet  or  more  in 
lickness. 

The  median  depth  of  domestic  wells  is  about  120  feet  and  the  median  yield  is 
30ut  15  gpm.  The  best  yields  are  obtained  on  the  slopes  of  Blue  Mountain  at 
le  north  edge  of  the  formation.  Nondomestic  wells  are  about  twice  as  deep  and 
ield  three  to  five  times  as  much  water  as  domestic  wells.  Most  wells  obtain  water 
om  two  or  three  zones  in  the  first  150  feet  below  land  surface,  but  zones  are 
ifficiently  abundant  to  depths  of  about  400  feet  to  make  drilling  to  this  depth 
ractical  where  maximum  supplies  are  needed.  Static  water  levels  were  deepest 
1 the  uplands  (30  to  40  feet  below  land  surface)  and  shallowest  beneath  valleys 
12  to  14  feet). 

Wells  drilled  in  the  glacial  deposits  are  generally  less  than  75  feet  deep  and 
ield  two  to  three  times  as  much  water  as  the  domestic  bedrock  wells. 

The  water  is  moderately  soft  and  has  a median  dissolved-solids  content  of  166 
ig/1.  The  chief  ions  are  calcium,  magnesium,  bicarbonate,  and  sulfate.  About 
lalf  the  samples  contain  more  chloride  and  nitrate  than  the  amount  derived 
laturally  from  the  rocks,  but  only  two  samples  exceeded  the  limit  of  45  mg/1 
dtrate  set  by  the  U.S.  Public  Health  Service  for  drinking  water. 

Naturally  occurring  hydrogen  sulfide  is  present  in  about  5 percent  of  the  wells, 
hiefly  in  the  lower  two  members  of  the  Martinsburg  Formation.  The  gas  is 
ssociated  generally  with  sodium-rich  water,  which  may  indicate  that  the  rocks 
ave  not  been  completely  flushed  of  the  ions  entrapped  during  deposition. 

Field  measurements  indicate,  in  general,  that  the  water  becomes  increasingly 
lineralized  from  north  to  south  in  the  formation. 
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Shovunpjnk  Formation 

Grey  mowirc  Quarfrjfpr  unditone  end  eongtomer- 
Gte  'A'eUr-beanng  properties  not  studied, 


Martinibuti  Formalion 

I'en  Argyl  Member.  Ontp,  dark  grey  to  graush 
bteek,  eivnty  bedded  claystane  slete,  czrbnnaeeous 
side,  and  lesser  medium  gray  gres  uaetr;  yields 
range  from  S to  374  gpm;  median  yield  of  nan- 
e/amestie  leells  is  I4d  gpm  in  Lehigh  County  and 
122 gpm  m Sorthamplan  County. 

JSamseyburg  .t/ember.  Omr.  clrtrnaUng  beds  of 
light  to  medium  gray  elayslore  slate  and  fine  to 
medium  grained  (:rc>trflcJ:c.  range  fruni  2 tn 

gpm  in  f,^high  Counlv  and  i7  tpm  in  .Vnrlhcnipion 

Bush  kill  .\lember.Omb.dark  gray  Ihm  bedded  clay- 
stone  slate;  \ields  range  from  less  than  I gpm  to 
230  gpm.  median  \ield  of  nondomeilie  utells  is  20 
Spm  in  Lehigh  County  and  J2  K?ni  in  Sorthamp- 
ton  Coufify. 


H 

Cambrian  andOrdorifiancarbonaW  roaki 
undi/ffftcniialcd 

n'ate'-bearing  properties  not  studied.  Wells  shown 
in  fault  slice  along  the  Delairare  Riier  ere  in  (tiifk 
*po»i/a  of  glacial  material  eiecpl  irell  .\T-HS. 
u-hiehtsreparicd  tu  pfnrfratf  the  Bushkill Member 
of  the  .^Icrtinsburg  Formation  at  a depth  of  139 
feet. 


Gcoloftir  coDlaci 


Fault 


Wall  and  number 

See  text  lor  discussion  of  well  numberinii 


ap  showing  depth  Df  easing  required  for  wells. 


Pdap  showing  hardness  of  water. 


